Although myeloid growth factors are commonly used to treat metastatic castration-resistant prostate cancer, the optimal timing of administration has not been well studied. We demonstrate that same-day pegfilgrastim administration after cabazitaxel treatment with or without carboplatin in patients with metastatic castrationresistant prostate cancer is feasible. Furthermore, we observed that the rate of urinary tract inflammation was higher than that reported anecdotally. Introduction: Although myeloid growth factors are commonly used to treat metastatic castration-resistant prostate cancer (mCRPC), the optimal timing of administration has not been well studied. We assessed the effects of same-day pegfilgrastim, a neutrophil stimulator, after cabazitaxel treatment with or without carboplatin in patients with mCRPC. We also evaluated the frequency of urinary tract inflammation during treatment. Patients and Methods: Between September 2010 and September 2014, 151 consecutive patients with mCRPC underwent cabazitaxel treatment with or without the addition of carboplatin at a single institution. We assessed absolute neutrophil count recovery, incidence of neutropenia, neutropenic fever, antibiotic usage, treatment delays or discontinuation, dose reduction, and hospitalization with pegfilgrastim administration. Radiologists blinded to therapy reviewed computed tomography scans to detect urinary tract inflammation. Results: The median patient age was 69 years (range, 41-88 years); 78% of patients were white, and 54% had a Gleason score 9. Median overall survival was 9 months (95% confidence interval, 8-11 months). One patient (< 1%) had neutropenia; 38 patients (25%) had infection. During cycle 1, a significantly higher proportion of patients receiving pegfilgrastim after 24 hours developed infection than did those receiving pegfilgrastim the same day (26% vs. 6%; P ¼ .01). Conclusion: Same-day pegfilgrastim administration after cabazitaxel treatment with or without carboplatin in patients with mCRPC is feasible. The urinary tract inflammation rate (21%) was higher than that reported anecdotally. Results need to be prospectively validated.
Introduction
Cabazitaxel, a chemotherapy drug in the taxane family, is approved by the US Food and Drug Administration for the treatment of patients with metastatic castration-resistant prostate cancer (mCRPC) after treatment with a front-line docetaxel-based regimen. Documented renal and urinary tract adverse effects of cabazitaxel include hematuria (17%), dysuria (7%), infections (8%), and urinary tract obstruction. 1 Bladder wall enhancement and ureteral enhancement have been observed anecdotally in patients being treated with this agent and are thought to be related to cystitis 1 and ureteritis. 2 Interstitial cystitis has also been reported in patients receiving other taxanes 3 ; however, the incidence and clinical significance of these findings have not been established.
Cabazitaxel is typically administered in the outpatient setting with a dose of pegfilgrastim given the subsequent day. Although guidelines from the National Comprehensive Cancer Network and the American Society of Clinical Oncology recommend that growth factor support be given 24 hours after the completion of therapy (day 2), they do recognize that in certain cases same-day pegfilgrastim may be considered. 4, 5 In contrast to the standard day 2 schedule, a day 1 schedule is more convenient for patient care and reduces health care and patient expenditures. Same-day growth factor support has previously been reported in the literature. [6] [7] [8] [9] We conducted a retrospective review of patients with mCRPC who were treated with cabazitaxel-based chemotherapy at The University of Texas MD Anderson Cancer Center. The objective of the study was to evaluate the safety of same-day dosing of pegfilgrastim after cabazitaxel, as determined by absolute neutrophil count recovery, and to assess the incidence of neutropenia, neutropenic fever, dose reduction, and treatment delays. We also investigated the frequency of cystitis and ureteritis, specifically as seen on routine staging computed tomography (CT) scans during and/or after therapy.
Patients and Methods

Study Design
This study was approved by the Institutional Review Board at MD Anderson Cancer Center. Using Pharmacy Informatics at MD Anderson, we identified patients with mCRPC who received cabazitaxel treatment with or without carboplatin between September 2010 and September 2014. We excluded men who received this treatment while on clinical trial.
Patient Characteristics and Laboratory Data
Using the electronic health record, we undertook a retrospective review of progress notes; pharmacy records; medication Safety of Same-day Pegfilgrastim in mCRPC (9) 13 (11) 8 (9) 6 (10) No 138 (91) 103 (89) 77 (91) 55 ( No 151 (100) 112 (97) 84 (99) 57 (93) Hospitalization (low ANC) Baseline and follow-up imaging studies, ordered per physician discretion, were reviewed for the presence of cystitis or ureteritis as evidenced by mucosal enhancement and wall thickening in the urinary tract. The reviewing radiologist (D.H.K., R.V.) was blinded to study intent. The date of radiologic findings was correlated with the date of chemotherapy administration, symptoms of urinary tract infection or inflammation (dysuria, hematuria, lower abdominal pain, fever), subsequent treatment, and follow-up. We further correlated the findings with renal function, blood counts (for neutropenia/neutrophilia), blood and urine culture tests, and urine microscopy. Pathology results from any specimens collected from the urinary tract by endoscopic procedures were also recorded.
Statistical Considerations
Patient characteristics were summarized using descriptive statistics. Overall survival was defined as the time interval between treatment start date and death date, and patients who were alive were censored at the last follow-up date. The probabilities of overall survival were estimated using the Kaplan-Meier method. The Fisher exact test was used to investigate associations between infection and cabazitaxel treatment with or without the addition of carboplatin or pegfilgrastim administration as well as associations between urinary 
Results
Characteristics of the 151 patients evaluated are shown in Table 1 . Patient age ranged from 41 to 88 years, with a median of 69 years. The majority of patients were white (78%) and likely to have a Gleason score of 9 or above (9-10; 61%). Most patients had adenocarcinoma histology (96%), bone metastases (89%), and prior docetaxel therapy (83%). The median number of cycles of cabazitaxel treatment with or without carboplatin was 3 (range, 1-12 cycles). In Table 2 , we summarize the clinical characteristics by cycle. Median overall survival was 9 months (95% confidence interval, 8-11 months) (Figure 1) .
During cycle 1, a significantly higher proportion of patients receiving pegfilgrastim after 24 hours developed infection compared 
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with those receiving pegfilgrastim the same day (26% vs. 6%; P ¼ .01) ( Table 3) . Differences in subsequent cycles between timing of pegfilgrastim and the infection rate were not significant. In cases with baseline and follow-up CT scans, 18 of 84 (21%) were positive for urinary tract inflammation. No correlation was observed between urinary tract inflammation detected on scans and timing of pegfilgrastim (Table 4 ). CT imaging of 2 patients who experienced urinary tract inflammation during the chemotherapy treatment demonstrated recovery after discontinuation of treatment (Figure 2) .
Discussion
Our results demonstrate that day 1 pegfilgrastim administration after cabazitaxel treatment with or without carboplatin in patients with mCRPC is feasible. A significantly higher proportion of patients receiving pegfilgrastim after 24 hours (day 2) developed infection than did those receiving pegfilgrastim the same day (5 of 19 [26%] vs. 7 of 125 [6%]; P ¼ .01). Furthermore, we observed that the rate of urinary tract inflammation in these patients (21%) was higher than that reported anecdotally, but no correlation was observed with the timing of pegfilgrastim administration.
Previously, neutropenia duration and febrile neutropenia incidence in patients receiving chemotherapy with pegfilgrastim administered the same day or 24 hours later have been compared in various clinical trials of breast cancer, lymphoma, and nonesmall-cell lung cancer. 6 Burris et al showed that the absolute neutrophil count profile for same-day patients was earlier, deeper, and longer than that for next-day patients in the breast cancer and lymphoma studies. 6 However, the results of same-day administration were not statistically inferior to those for next-day administration, according to neutropenia duration. 6 In another randomized study, authors compared pegfilgrastim given on day 4 versus day 2 and found that administration of pegfilgrastim on day 4 was more effective in reducing severe leukocytopenias and resulted in fewer deaths during leukocytopenia. 10 According to American Society of Clinical Oncology guidelines, there is evidence that pegfilgrastim administered 1 to 3 days after chemotherapy results in a lower risk of infection than pegfilgrastim administered on the same day as chemotherapy. 11 However, the guidelines also recommend that same-day pegfilgrastim not be prohibited if it provides the only feasible means of colonystimulating factor administration for certain patients. Cabazitaxel is a novel taxane approved for use after docetaxel administration in patients with mCRPC. 12 In a phase 3 open-label study, de Bono et al showed that treatment with cabazitaxel plus prednisone improved overall survival in patients with mCRPC 13 and reported that the most common clinically significant grade 3 or higher adverse events were neutropenia (82%), febrile neutropenia (8%), and diarrhea (6%). 13 Currently, cabazitaxel is given with granulocyte colony-stimulating factor to prevent neutropenia. We reported the safety and lower rates of neutropenia in the patients who were treated with cabazitaxel with or without carboplatin and received same-day pegfilgrastim. In addition to safety, it is also important for patient convenience.
In the literature, urinary tract inflammation has been reported anecdotally after cabazitaxel treatment, and the pathophysiology of this adverse effect is not clear. 2 In patients who were treated with cabazitaxel in the TROPIC study, 17% had hematuria of all grades. 13 Grellety et al reported on 4 patients who had cabazitaxelinduced hematuria and cystitis, and after finding all 4 patients had a history of pelvic radiation, 2 they suggested the patients' hematuria and cystitis could be attributed to a radiation recall syndrome. However, Kosaka and Oya reported a patient who developed hemorrhagic cystitis after cabazitaxel treatment for CRPC, and this patient had not received pelvic radiation therapy. 14 In our cohort, the urinary tract inflammation rate (21%) was higher than that previously reported. We also reviewed records of the patients who developed urinary tract inflammation and found that only one-half (9 of 18) had a history of radiation therapy. Limitations of this retrospective study include, first, that we did not document or rule out infection but rather relied on physician-transcribed documentation. Second, we did not perform serial CT scans to confirm that cystitis resolved after stopping chemotherapy. Currently, we are conducting a phase 2 clinical trial of cabazitaxel with or without carboplatin in patients with mCRPC (NCT01505868), with the intent to test our findings prospectively.
Clinical Practice Points
Cabazitaxel is US Food and Drug Administration-approved for the treatment of patients with mCRPC after treatment with a front-line docetaxel-based regimen and is typically administered in the outpatient setting with a dose of pegfilgrastim given the subsequent day. Although myeloid growth factors are commonly used to treat mCRPC, the optimal timing of administration has not been well studied. We show that same-day pegfilgrastim administration after cabazitaxel treatment with or without carboplatin in patients with mCRPC is feasible.
The urinary tract inflammation rate after cabazitaxel treatment with or without carboplatin was higher than that reported anecdotally. Results need to be prospectively validated.
